Sylvilagus palustris hefneri a b s t r a c t
Introduction
Metapopulations are composed of spatially discrete local populations connected by dispersal and maintained by an equilibrium rate of patch extinction and colonization (Levins, 1970) . This framework has been useful for the study of species threatened with extinction by habitat loss and fragmentation (Harrison, 1994; Litvaitis and Villafuerte, 1996) and species that occur in successional habitats maintained by disturbance (Litvaitis, 1993) . Advances in metapopulation theory have accounted for the effect of patch succession on population persistence (Ellner and Fussmann, 2003; Hastings, 2003; Johnson, 2000; Thomas, 1994) , but this has rarely been demonstrated empirically (Amarasekare and Possingham, 2001; Stelter et al., 1997) . An empirical understanding of the influence of succession within each patch and on an entire metapopulation is critical to the recovery of species dependent on early successional habitats and threatened by habitat loss and fragmentation (Litvaitis, 1993) . Species dependent on early successional habitats have been vulnerable to the effects of fragmentation because it can increase rates of habitat succession through hardwood encroachment and the associated edge effects might reduce their distribution, hinder their dispersal abilities, and increase rates of predation and parasitism (Dijak and Thompson, 2000; Hardt and Forman, 1989; Yahner, 1988) .
Lagomorph species throughout the world are threatened with extinction due to habitat loss and degradation, over-exploitation, competition (heterospecifics and introduced lagomorphs), and predation (IUCN, 2010; Smith, 2008) . Numerous lagomorphs of conservation concern occur as metapopulations and are dependent upon successional habitats (e.g., Lower Keys marsh rabbits [Sylvilagus palustris hefneri]: Forys and Humphrey, 1996 ; New England cottontail [Sylvilagus transitionalis]: Litvaitis and Villafuerte, 1996 ; riparian brush rabbit [Sylvilagus bachmani riparius]: Williams et al., 2008 ; swamp rabbit [Sylvilagus aquaticus]: Nielsen et al., 2008) . Conservation and recovery efforts for these and other lagomorphs can be difficult when basic population ecology data are lacking (Hackländer et al., 2008) . This is the case with the Lower Keys marsh rabbits (LKMR), which lacks information on the particular factors driving persistence of local populations and information specific to juvenile rabbits.
The LKMR is a marsh rabbit subspecies (Lazell, 1984) listed as endangered by the US Fish and Wildlife Service (USFWS) and the Florida Fish and Wildlife Conservation Commission since 1990 (USFWS, 1990) . LKMR are endemic to the Lower Keys, Florida, that form the end of a chain of limestone islands extending south and west from the southern tip of peninsular Florida (Fig. 1) . Despite recovery efforts, LKMR populations continued to decline (USFWS, 2007) . Threats to LKMR have changed since the initial recovery plan was developed over a decade ago. For example, off-road vehicle mortality was abated due to restriction of off-road vehicle use in areas critical to LKMR, and the threat of habitat loss from development was reduced due to state and federal regulatory oversight (USFWS, 2007) . During this same time, however, the habitat has been fragmented or degraded due to succession and hardwood encroachment (Perry, 2006; USFWS, 2007) , and a new threat, raccoons (Procyon lotor), has been recognized (USFWS, 2007) .
LKMR typically occupy wet areas with dense cover including salt marsh, buttonwood (Conocarpus erectus) transition zones, and freshwater marshes (Faulhaber et al., 2007 (Faulhaber et al., , 2008 Forys, 1995) . LKMR use habitats with dense, low (<1 m) forbs and grasses and little overstory vegetation, and avoid areas in a later state of succession characterized by mature buttonwoods, high canopy cover and low ground cover (Faulhaber et al., 2008; Perry, 2006) . Hardwood encroachment of coastal wetlands has been documented for the Lower Keys, Florida and has been attributed to LKMR population declines observed over the past three decades (Alexander and Dickson, 1970; Dickson, 1955; Perry, 2006; USFWS, 1999) .
Changes in disturbance regimes along with habitat fragmentation could have reduced availability of early successional habitats used by LKMR. Hurricanes are a common disturbance event in the Keys, but storm surges associated with hurricanes, such as those following Hurricanes Betsy in 1965 , Georges in 1998 , and Wilma in 2005 are less common (Lopez et al., 2003; Kasper, 2005) . The Lower Keys have a maximum elevation of 3 m making these islands and their habitats highly susceptible to storm surges (McGarry MacAulay et al., 1994) . The expected regeneration of early successional habitats may not occur or could be delayed when a storm surge causes damage to vegetation or results in a detritus layer that prevents regeneration of herbaceous vegetation. Further, fire from early Native Americans, lightning strikes, or from adjacent fire-dependent habitats (e.g., pine rocklands) is integral to the ecology of the Lower Florida Keys but has been suppressed in the Lower Keys since the 1960s (USFWS, 2000) . Prior to this period, accounts noted the open nature of coastal salt marsh prairies in areas historically occupied by LKMR, areas now in a climax successional state (N. Silvy, Texas A&M University, unpublished data). Additionally, early settlers of the Lower Keys harvested buttonwood from coastal salt marsh prairies to produce charcoal, a process that would have reduced hardwoods and created patches of open prairie (Viele, 1996) .
Free-roaming domestic cat (Felis catus) predation was responsible for 50% of adult LKMR mortality and was cited as the largest factor limiting their population viability in the 1990s (Forys and Humphrey, 1999a) . Nonetheless, free-roaming domestic cat removal initiated on Boca Chica Key indicated raccoons were an order of magnitude more prevalent than cats in treated areas (235 raccoons vs. 20 cats; USFWS, 2007) . Raccoons, although omnivorous, have been shown to be efficient predators and to prey on rabbits (Dorney, 1954; Howe, 1988 [Unpublished status survey]; Jennings et al., 2006; Urban, 1970) and might pose a risk to LKMR, particularly nestlings, because of their susceptibility to predation (Howe, 1988 [Unpublished status survey] ; USFWS, 2007) . This might be exasperated by the fact that raccoons reach high densities in anthropogenically altered landscapes and marsh habitats interspersed with hardwoods, habitats that are characteristic of many LKMR patches (Dorney, 1954; McCleery et al., 2005; Riley et al., 1998; Smith and Engeman, 2002) .
LKMR habitats are small, averaging % 4 ha, and are distributed in discrete patches or sites, that function as a classic metapopulation (Forys and Humphrey, 1996, 1999a; USFWS, 1999) . Subadult LKMRs are largely responsible for inter-patch dynamics through one-way dispersal from natal patches (Forys, 1995; Forys and Humphrey, 1996) . Previous research has shown that only half of consistently occupied patches (Forys and Humphrey, 1999b) were producing the juveniles that drive inter-patch dynamics and determine metapopulation persistence. The effects of patch and habitat attributes on juvenile LKMR populations have not previously been evaluated, yet remain vital to successful implementation of recovery strategies for this subspecies.
The purpose of our study was to examine the relationship between LKMR and factors thought to impede their recovery. Specifically, we wanted to determine if the relative portion of edge and measures of habitat succession, habitat quality and raccoon activity influenced the sizes of local adult and juvenile LKMR populations. This information can be used to evaluate on-going recovery efforts and to develop new recovery strategies and actions that could then be incorporated into an adaptive resource management plan for the rabbits (Lancia et al., 1996; Perry, 2006) .
Methods

Study area
The Lower Keys, Florida, are located between 23.5 and 25.5°N latitude and exhibit a subtropical climate due to the Gulf Stream and other maritime influences ( Fig. 1 ; Chen and Gerber, 1990; Forys and Humphrey, 1999a) . The climate is characterized by distinct wet and dry seasons, with the dry season (November through April) contributing <33% of annual precipitation (Forys and Humphrey, 1999a) . Elevation rarely exceeds 2 m, with slight variations in elevation producing distinct vegetation communities that transition from mangroves to coastal salt marsh/buttonwood transition zones inland to freshwater marshes, pine rocklands and tropical hardwood hammocks (McGarry MacAulay et al., 1994) .
LKMR are predominately found in coastal salt marsh prairies and freshwater marshes (Faulhaber et al., 2007) . Coastal salt marsh prairies, also known as buttonwood transitions zones, are characterized by cord grasses (Spartina spartinae, Spartina patens, Spartina bakeri), sea daisies (Borrichia frutescens, Borrichia arborescens), glassworts (Salicornia spp.), seashore dropseed (Sporobolus virginicus) and rushes (family Cyperaceae) with various densities of salt tolerant hardwoods depending on disturbance history (e.g., fire, cutting) and salinity (Faulhaber, 2003) . The hardwoods are predominantly buttonwood but include white mangrove (Laguncularia racemosa), red mangrove (Rhizophora mangle), black mangrove (Avicennia germinans), joewood (Jaquinia keyensis), poisonwood (Metopium toxiferum), and wild dilly (Manilkara bahamensis). Freshwater marshes are characterized by sawgrass (Cladium jamaicensis) and Gulf Coast spike rush (Eleocharis cellulose) interspersed with buttonwood (C. erectus) and other hardwoods also dependent upon disturbance history (e.g., fire, cutting) and salinity. Invasive exotic plant species also are distributed throughout the range of the LKMR and have been identified as a source of habitat loss and degradation. The most prevalent species form thick monocultures and include Australian pine (Casuarina equisitifolia), Brazilian pepper (Schinus terebinthifolia), lead tree (Leucaena leucocephala), and mahoe (Hibiscus tiliaceus).
Fecal pellet sampling
We sampled the entire known range of the LKMR by surveying patches identified from an updated distribution survey ( Fig. 1 ; Faulhaber et al., 2007) . We used protocols established by Schmidt et al. (in press) for fecal pellet sampling. We constructed a digital grid with nodes placed 30 Â 30-m apart and placed it over a shapefile of the Lower Keys, Florida using a Geographic Information Sys-tem (GIS; ArcGIS 9.3, ESRI, 2008). Grid nodes falling within the boundaries of LKMR patches were selected and stored within the GIS. We navigated to grid nodes within each patch using a global positioning system, searched within a 1-m radius of each node (sample unit) for LKMR pellets, and quantified parameters hypothesized to influence their numbers. We separated and tallied LKMR fecal pellets by age class (juvenile and adult pellets/node) to determine if ecological parameters affecting the rabbits differed for adults and juveniles. Incidences of fecal pellets have been shown to have a strong correlation with LKMR density and rabbit age is easily determined by pellet diameter (Forys, 1995; Schmidt et al., in press ). To determine rabbit age, we constructed a diagram on every data sheet that indicated the minimum diameter of an adult LKMR pellet. Pellets that were less than the minimum diameter of an adult pellet were recorded as juveniles; pellets that were larger than the minimum diameter were recorded as adults.
Estimation of patch and habitat attributes
As an indicator of patch edge, we measured patch area and perimeter using a GIS which we then used to calculate a patch shape index (psi) using the following equation for vector data:
Patch shape indices estimate a perimeter to area ratio while standardizing for patch area (McGarigal and Marks, 1995) . Patch shape indices range from 1 to 1 with an index of 1 indicating a perfectly circular shape whereas, higher values show that the amount of edge relative to patch interior is increasing in complexity. Edge effects have been shown to reduce a vertebrate species' distribution and dispersal ability and increase rates of predation and parasitism (reviewed by Yahner, 1988) . Boundary shape also has been associated with rates of woody plant encroachment or habitat succession (Hardt and Forman, 1989) .
As an indicator of habitat succession and quality, we visually estimated foliar cover (%) of woody (woody) and herbaceous (herb) vegetation <0.5 m in height within each 1-m radius sample unit. For each sample unit, we visually estimated the total cover for each category (woody and herb) to the nearest 5%. We summed woody and herbaceous ground cover estimates for all sample units within a patch to obtain patch totals. The structure of vegetation, including vegetation height and thickness of foliar cover has been shown to be important in the selection of diurnal forms or resting sites used by LKMR in both saltwater and freshwater marshes (Faulhaber et al., 2008) . Perry (2006) characterized hardwood encroachment detrimental to LKMR habitat suitability as decreased ground cover vegetation and height.
We also measured habitat succession and quality by quantifying the distribution within each patch of four genera of bunchgrasses and forbs important to LKMR for food, cover and nesting (Faulhaber et al., 2008; Forys and Humphrey, 1999b) . We recorded the presence of cord grasses, sea daisies, bluestems (Andropogon glomeratus, Andropogon virginicus), and spike rush within each sample unit. We summed occurrences of these four herbaceous plant genera for all sample units within a patch to obtain patch totals (dist). Bunchgrass density and presence of forbs have been found to decline with increasing hardwood encroachment in LKMR habitat (Perry, 2006) . These species also have been found to be important indicators of consistency of patch occupancy (Forys and Humphrey, 1999b) .
We quantified a measure of raccoon activity (proc) by recording the presence or absence of raccoon scat and tracks at each sample unit. We then summed the total number of sample units where raccoon signs were present to create a discrete estimate of raccoon activity for each patch.
Data analysis
To determine patch and habitat attributes with the greatest influence on the LKMR, we used generalized linear regressions and maximum likelihood estimation to relate patch and habitat variables to pellet counts. We evaluated model sets specific to adult and juvenile LKMR fitted to a negative binomial distribution using SPSS software (Release 15.0.0, 2006) . The negative binomial distribution contains an additional parameter that allows the variance to be greater than the mean and is appropriate for use when the count of failures, in this case the number of patches without rabbits, is greater than expected by the Poisson distribution (Agresti, 2007) . We included the log of the total number of sample units per patch as an offset term in all regression models to account for autocorrelation between sampling efforts and patch area (Agresti, 2007) . Offset terms in regressions of count data maintain the proportionality of the response variable to the explanatory variable(s) so that a doubling of the number of sample units would correspond with a doubling of the expected outcome, in this case the number of pellets per patch.
To evaluate the effect of patch edge or complexity, habitat succession and quality, and raccoon activity on LKMR, we evaluated 31 a priori models including a global model containing all six variables and an intercept-only (null) model for adult (Table 1 , models 1-31) and juvenile (Table 2, models 32-62) rabbits. We evaluated the additive and interactive effects of patch complexity (psi) and measures of habitat succession and quality (dist, herb, and woody; adult models 3-17, juvenile models 34-48), the additive and interactive effects of raccoon activity (proc) and measures of habitat succession and quality (dist, herb, and woody; adult models 18-26, juvenile models 49-57), and the additive and interactive effects of patch complexity, measures of habitat succession and quality, and raccoon activity (adult models 27-31, juvenile models 58-62).
We employed an information theoretic approach for model selection using Bayesian Information Criterion (BIC) (Posada and Buckley, 2004; Ward, 2008) . BIC might select simpler models compared to AIC and is more appropriate to determine which model in a set provides the best explanation of the process that generated the data (Link and Barker, 2006; Ward, 2008) . We, therefore, opted to use BIC because of the simplicity of our observations and the model sets being evaluated. We used the relative difference to the smallest BIC in each model set (DBIC) and model weights (w i ) to select the best approximating models (Burnham and Anderson, 2002; Ward, 2008) . We considered models 62 BIC units to compete with the best models and discarded models >2 BIC units as unlikely representations of the data (Kass and Raftery, 1995) . We incorporated model selection uncertainty for models within 2 BIC units of the best model by presenting model average estimates and standard errors for parameters that occur in >1 supported model (Burnham and Anderson, 2002) . We simply present model estimates and unconditional sampling variances for parameters that only occur in 1 model (Burnham and Anderson, 2002) .
We derived a prediction equation by exponentiating the model averaged estimates (or model estimates when appropriate) for adult and juvenile models (Agresti, 2007) . We used these equations Table 1 A priori models correlating adult LKMR pellet counts to patch characteristics in the Lower Keys, Florida, USA, 2008. We display the number of parameters (K), À2 Ã natural log of the maximum likelihood estimate (À2 ln L), Bayesian Information Criterion (BIC), change in BIC from the smallest BIC value (DBIC), and model weights (w i ). to predict the influence of each models' variables on the estimated number of adult and juvenile pellets for the data set observed (Guthery and Bingham, 2007) . To plot the effect of each covariate on total LKMR pellets, we held all other covariates in the prediction equation constant at their average and allowed the plotted covariate to vary throughout its range. To avoid over extrapolation of the data, we constrained plots to within the maximum range of the actual pellet counts for each age class (Guthery and Bingham, 2007) .
Model
Results
We conducted surveys of 150 patches throughout the range of LKMR from 4 January through 20 March 2008. We detected adult and juvenile LKMR pellets in 73 and 21 patches, respectively. We sampled 6922 1-m radius sample units for all patches combined. The average number of sample units per patch was 46 (SE = 6). Patch area ranged from 0.09 to 51.2 ha with an average of 4.2 (SE = 0.6) ha. Total pellet counts per patch for adult and juvenile rabbits ranged from 0.0 to 4837.0 and 0.0 to 153.0 with an average of 97.1 (SE = 36.1) and 6.0 (SE = 1.8) per patch, respectively. Adult and juvenile pellets per ha combined ranged from 0.0 to 825.0 with an average of 25.6 (SE = 6.6). For all patches, we estimated a mean patch shape index of 2.16 (SE = 0.09). Accounting for the correlation between patch area and sample effort, the mean woody cover (%) per sample unit was 7.48 (SE = 1.07) and the mean herbaceous cover (%) per sample unit was 14.2 (SE = 1.91). We did not observe any of the four targeted genera of bunchgrasses and forbs in 21 of the 150 patches surveyed. The mean occurrence of the four bunchgrass and forb genera per sample unit was 0.42 (SE = 0.03). We observed raccoon activity in 25 of 150 patches surveyed. For patches with raccoons present the proportion of sample units with scat or tracks ranged from 1% to 13%, with a mean of 3.4% (SE = 0.01).
Evaluating adult rabbit pellet counts, we found models 9 and 27 best approximated the data (Table 1) . These models had a combined w i P 0.58 indicating there is a 58% probability one of these models provides the best explanation of the data (Burnham and Anderson, 2002; Ward, 2008) . Our examination of the individual model averaged estimates (or model estimates when appropriate) and 95% CI indicated only herb contained zero suggesting that the percent foliar cover of herbaceous vegetation was the only parameter that was not a relevant predictor of the total count of adult pellets (Table 3) . We found a negative correlation between total counts of adult pellets and patch shape index (Table 3 and Fig. 2a ) and between total counts of adult pellets and raccoons (Table 3 and Fig. 2c ). We also found a positive correlation between total counts of adult pellets and the total occurrence of bunchgrasses and forbs (Table 3 and Fig. 2b) .
Evaluating juvenile rabbit pellet counts, models 40 and 45 best approximated the data (Table 2 ). These two models had a combined w i P 0.90 indicating there is a 90% probability one of these two models provides the best explanation of the data. Our examination of the individual model averaged estimates (or model esti- 0.00 À0.00 to 0.00 a Variable notation described in Table 1 . b We present model estimates and unconditional sampling variances for parameters that occur in only one supported model. À0.001 À0.00 to 0.00 PsiÃwoody b 0.00 À0.00 to 0.00 a Variable notation described in Table 2 . b We present model estimates and unconditional sampling variances for parameters that occur in only one supported model. mates when appropriate) and 95% CI indicated herb, woody, and psi Ã woody contained zero suggesting the percent foliar cover of herbaceous and woody vegetation and the interaction between patch shape index and the percent foliar cover of woody vegetation were not relevant predictors of the total count of juvenile pellets (Table 4 ). We found a negative relationship between the total count of juvenile pellets and patch shape index (Fig. 3a) and a positive relationship between the total count of juvenile pellets and the total occurrence of bunchgrasses and forbs (Fig. 3b ).
Discussion
Based on our regression analysis, we found a negative relationship between increasing patch edge, indicated by an increase in patch shape index, and both adult and juvenile LKMR. Edge effects due to habitat fragmentation and succession have not previously been investigated for the LKMR. The effects of edge on other species, particularly songbirds, are numerous and might include reduced density, distribution, and dispersal ability and increased rates of predation and parasitism (Yahner, 1988) . Lower densities of adult and juvenile LKMR in patches with high amounts of edge suggest these patches would have a higher probability of extinction.
We found positive relationships between both adult and juvenile LKMR and the distribution of four genera of herbaceous plants that previously were found to be important to LKMRs for food, cover, and nesting (Faulhaber et al., 2008; Forys and Humphrey, 1999b) . Numerous measures of herbaceous vegetation including availability of bunchgrasses and forbs and ground vegetation height and thickness have all been associated with consistency of LKMR patch occupancy, habitat use and diurnal form use (Faulhaber et al., 2008; Forys and Humphrey, 1999b; Perry, 2006) . It was suggested by Forys and Humphrey (1999b) that thick foliar cover was important to the LKMR for nesting and also provided protection from predators, including raccoons. Our results are consistent with these studies and suggest patches in a later successional state, characterized by a reduction in the number of bunchgrasses and forbs important to the LKMR, might result in decreased rabbit densities, thus potentially reducing patch persistence and increasing extinction risk.
We found a negative relationship between raccoons and adult LKMR, but we did not find a relationship between raccoons and juvenile LKMR. Raccoons might affect LKMR directly through mortality or indirectly when rabbits avoid areas with high levels of predators (Banks et al., 1999) . Direct mortality of LKMR due to raccoon predation has not been supported by data on adult mortality (Forys and Humphrey, 1999a) ; however, total counts of adult LKMRs might be lower in areas with high raccoon activity because adult rabbits avoid areas with high densities of potential nest predators. Indirect effects of predation have been shown for European rabbits (Oryctolagus cuniculus) in Australia where rabbits were observed farther from refuge and maintained higher body condition in predator removal areas (Banks et al., 1999) . An alternative explanation is that raccoons and adult LKMR use different habitats.
To test this hypothesis we conducted a post hoc analysis comparing the number of patches with raccoons and rabbits (N = 19) to patches with raccoons and no rabbits (N = 6) using a chi-square test of independence. We found rabbits and raccoons use the same patches more than expected (v 2 = 6.8, P = 0.01). We then compared patches without raccoons or rabbits (N = 71) to patches with raccoons and no rabbits (N = 6) and found raccoons use patches without rabbits less than expected (v 2 = 54.9, P < 0.001). These results suggest that the statistical relationship between raccoons and rabbits was not a product of different patch use by these two species.
We further hypothesized that increased raccoon activity was associated with increasing edge or patch complexity and hardwood encroachment (Dorney, 1954; McCleery et al., 2005; Riley et al., 1998; Smith and Engeman, 2002) . To test this hypothesis, we conducted additional post hoc analyses using Spearman's rank correlation coefficients. We found a significant (q = 0.16, P = 0.03), positive correlation between patch shape index and raccoon activity and a significant (q = 0.25, P = 0.001), positive correlation between patch shape index and the total percent foliar cover of woody vegetation, thus supporting our hypothesis that raccoon activity is positively associated with edge effects due to habitat fragmentation and succession.
The lack of support for a relationship between juvenile LKMRs and raccoons could be due to the paucity of data as only 21 of 150 patches contained juvenile rabbits, of those only five contained raccoons. Therefore, even the simplest models would produce a parameter to data ratio far below what is statistically feasible and would cause a high probability of Type I or II error (Burnham and Anderson, 2002) . Indirect effects of raccoons might be less prevalent as juvenile rabbits are not reproductive and would not need to selectively avoid areas with high levels of potential nest predators. Further, our measure of raccoon activity is based on an index that does not account for lack of detection at individual sample units thus potentially introducing negative bias in our estimates of raccoon activity (Anderson, 2001) . While the use of an index as a predictor variable does not invalidate model results (Anderson, 2001) , this limitation to our data could reduce, in the case of adult rabbits, or mask, in the case of juvenile rabbits, the relationship between raccoon activity and LKMRs. While our data do not elucidate the mechanism by which raccoons affect LKMRs, our results support anecdotal observations that raccoons pose a threat to the LKMR (Dorney, 1954; USFWS, 2007) .
Conclusions
Our results suggest that amount of edge, habitat succession and quality, and raccoon activity pose a threat to the persistence and recovery of the LKMR. Recovery efforts should focus on reducing patch edge by simplifying patch boundaries, improving habitat quality, and reducing the prevalence of raccoons in LKMR patches. Our results provide support for habitat management strategies, such as removal of overstory hardwood vegetation and prescribed fire that would reduce patch edge, slow or reverse the rate habitat succession and improve the amount and diversity of herbaceous bunchgrasses and forbs (USFWS, 2007) . Our post hoc analyses indicate these efforts might also serve to reduce raccoon activity. Because our results are correlative and do not provide direct evidence of causation, the recovery efforts we have recommended should be implemented in carefully controlled experiments with proper monitoring. Findings from these experiments could provide direct evidence of the influence of edge, habitat succession and quality, and raccoon activity on local LKMR densities while informing an adaptive resource management program for this endangered subspecies (Lancia et al., 1996) .
The ability of patch shape indices, measures of particular herbaceous plant species and raccoon activity to predict LKMR pellet counts indicates these parameters are important indicators of patch quality and should be included in long-term monitoring strategies. Likewise, these variables could provide useful information in selecting and prioritizing which LKMR patches receive recovery actions and for monitoring the effectiveness of those activities. Further, the current monitoring protocol does not track indicators of habitat quality (USFWS, 2007) and the time to detect a population decline is not known for this subspecies. This scenario, given on-going habitat degradation through succession, could result in a failure to detect critical habitat degradation (Doak, 1995) .
We demonstrate that habitat succession, a natural process often disrupted or accelerated by human intervention and a native generalist predator can have great influence on the recovery of an endangered species. Our study also demonstrates reliance upon protectionist dogma alone will be insufficient to recover endangered species and that failure to intervene to reverse natural processes such as habitat succession might result in species extinction (Doak, 1995) . Finally, we provide empirical evidence to support the use of a metapopulation framework that incorporates successional processes on patch dynamics in the study of species threatened by habitat loss and fragmentation that also occur in successional habitats (Amarasekare and Possingham, 2001; Stelter et al., 1997) , including endangered lagomorphs.
